For a long time, bacterial populations were regarded as being uniform with respect to the physiology and morphology of the individual cells. However, a variety of different sub-populations may coexist in seemingly uniform populations. This was first observed for the formation of genetically competent cells of the Gram-positive model organism *Bacillus subtilis*. Genetic competence is the ability to take up and incorporate free DNA from the environment into a cell. This allows the cell to acquire new properties, but comes at the risk that the new DNA may also cause harm to the receiving cell. Therefore, it is not surprising that, even under conditions that trigger the development of competence, only about 10% of a population enters the competent state. The phenomenon that underlies this phenotypic heterogeneity at the level of gene expression is referred to as bistability or bistable gene expression \[[@pgen.1005229.ref001],[@pgen.1005229.ref002]\]. The molecular triggers that cause the separation into distinct subpopulations are not yet fully explored. Importantly, a major factor in bistability is the existence of positive or negative feedback loops \[[@pgen.1005229.ref001],[@pgen.1005229.ref003],[@pgen.1005229.ref004]\]. In this issue of *PLOS Genetics*, Gamba et al. \[[@pgen.1005229.ref005]\] have identified yet another feedback loop that controls bistable expression of competence genes in *B*. *subtilis*.

The best-studied examples of bistable gene expression are: the entry to sporulation, the development of genetic competence, and the choice between motility and biofilm formation; all in *B*. *subtilis*. These examples also helped to uncover basic principles in the design of the feedback loops resulting in heterogeneity, and of the determining molecular events. At the mechanistic level, bistability is caused by a signal (a protein or a molecule) that is normally present at low concentration, but which is strongly amplified once a certain threshold has been exceeded. This threshold can be reached in individual cells due to the intrinsic stochastic variability in gene expression, also referred to as noise \[[@pgen.1005229.ref006]\]. As the primary event in bistability, the concentration or activity of a key regulator of the network must be subject to stochastic regulation. This regulation may occur by controlling the cellular concentration of the protein by proteolysis, by regulatory protein-protein interactions or by covalent modification. Indeed, all these mechanisms have been demonstrated as being decisive for bistable gene expression in *B*. *subtilis* (see [Table 1](#pgen.1005229.t001){ref-type="table"}) \[[@pgen.1005229.ref007]\].
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###### Molecular mechanisms behind bistable gene expression in *B*. *subtilis*.
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  Regulation level                   Example
  ---------------------------------- ----------------------------------------------------------------------
  mRNA stability                     *comK* mRNA by Kre \[[@pgen.1005229.ref005]\], *sinR* mRNA by RNaseY
  Protein stability                  ComK by ClpCP \[[@pgen.1005229.ref009]\], SlrR (autocleavage)
  Protein-protein interaction        SinR-SlrR, SinR-SinI
  Post-translational modification    Spo0A phosphorylation
  Position effect in a long operon   Motility development due to sigD gene position

Gamba et al. \[[@pgen.1005229.ref005]\] have now used transposon mutagenesis to identify a novel player in bistable expression of competence genes. Importantly, they also unravel a novel level of control of bistability---by controlling the stability of the mRNA of a key transcription factor. The analysis of bistable gene expression is often hampered by the complexity of the involved regulatory elements. This is also the case for the control of the genes required for the uptake and integration of foreign DNA in *B*. *subtilis*, collectively called the competence genes. The expression of these genes is activated by the transcription factor ComK. The expression of the *comK* gene is regulated by at least six different transcription regulators, including ComK itself (see <http://subtiwiki.uni-goettingen.de/wiki/index.php/ComK> for an overview \[[@pgen.1005229.ref008]\]). Moreover, the ComK protein is degraded by the ClpCP protease at low cell densities \[[@pgen.1005229.ref009]\]. This complex control results in bistable expression of ComK, i.e., one portion of a population growing in competence medium expresses ComK, whereas the other portion does not. Gamba and colleagues have now designed a clever screening system to uncover novel factors that are involved in the control of bistable expression of ComK. For this purpose, they expressed the *comK* gene under the control of a promoter (*comG*) that is exclusively controlled by ComK in a strain unable to degrade the ComK protein. Interestingly, even this minimal expression system for ComK still allows bistable expression of ComK and of genetic competence \[[@pgen.1005229.ref010]\]. Transposon mutagenesis of this strain and a screen for mutants with high competence promoter activity and expression of competence genes in the majority of cells resulted in the identification of Kre (Com[K]{.ul} repressor), a novel factor in the control of bistable gene expression.

In a set of elegant experiments, the authors demonstrate that the loss of Kre results in overexpression of ComK, uniform expression of competence genes, and increased genetic competence. In contrast, overexpression of Kre resulted in the opposite phenotypes. The function of Kre could be attributed to the control of ComK mRNA stability, i.e., in a *kre* mutant, the half-life of the *comK* mRNA increases. Thus, Kre is a novel factor that affects mRNA stability, and therefore an addition to the network of proteins implicated in RNA degradation in *B*. *subtilis*. It is tempting to speculate that Kre might modify the activity of one of the endo- and exoribonucleases that interact to achieve coordinated RNA degradation and processing in *B*. *subtilis* \[[@pgen.1005229.ref011]\]. Strikingly, the relation between Kre and ComK is not limited to the control of *comK* mRNA stability but also involves the repression of *kre* transcription by ComK in competent cells (see [Fig 1](#pgen.1005229.g001){ref-type="fig"}). Thus, Kre and ComK form a double negative feedback loop that is characteristic for the control of bistable gene expression. The functional significance of the link between Kre and ComK is further supported by the observation that the Kre protein is present only in bacteria that also contain ComK.

![Feedback loops that control the bistable gene expression of genetic competence in *B*. *subtilis*.\
If Kre is low, the *comK* mRNA and, thus, ComK protein can accumulate, resulting in the expression of competence genes. In contrast, high activity of Kre results in degradation of *comK* mRNA, and the cells do not enter the competence state.](pgen.1005229.g001){#pgen.1005229.g001}

The fact that a key regulator of a bistable expression system is controlled at the level of mRNA stability is not unprecedented: recently, it has been demonstrated that the mRNA for the master regulator of biofilm formation, SinR, is subject to control by RNase Y \[[@pgen.1005229.ref012]\]. Moreover, RNA polymerase processivity or mRNA turnover of the very long *B*. *subtilis* operon encoding motility genes including the sigma factor gene *sigD* were also shown to be the decisive factors for stochastic expression of motility genes at the level of single cells \[[@pgen.1005229.ref013]\]. The study of Gamba et al. \[[@pgen.1005229.ref005]\] reinforces the implication of mRNA stability for bistable gene expression. This work opens a window to novel mechanisms of the control of bistable gene expression and paves the way to their discovery.

[^1]: The authors have declared that no competing interests exist.
